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CONCENTRIC TUBULAR CENTRIFUGE 

Field of the Invention : 

This invention relates to centrifuges. 

BACKGROUND 

5 Centrifuge technology has long been used for separating lighter 

material from heavier material from initial material consisting of a 
combination of the two. Centrifuge technology has been implemented 
in medical, industrial, and public service sectors in various specific 
applications where separation technology is beneficial. 

10 The effectiveness of presently known centrifuge technology 

depends on the level of the separating force (centrifugal force) 
generated by the centrifuge and the residence time of the material 
under the separating force. Virtually all centrifuges rely on some type 
of rotary motion to generate the separating force, and thus the level of 

15 the separating force generated depends on the size (moment arm) of 
the centrifuge and the speed at which the centrifuge is rotated. To 
generate a given level of separating force, a small-scale centrifuge 
must be driven at a higher revolutions per minute than a large-scale 
centrifuge. 

20 The residence time of the material under the separating force is 

dependent upon the flow-path of the material through the centrifuge. 
The flow-path is defined by the internal structure of the centrifuge, and 
is sometimes limited by the type of centrifuge. Typically, the higher the 
residence time of a material under a given separation force, the better 

25 the separation of the light material from the heavy material. 
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Existing centrifuge technology is limited in its ability to allow 
changes to the separation force and/or the residence time. 

In addition, existing relatively large-scale centrifuge technology 
capable of handling relatively large inflow rates such as 100 G.P.M., is 
5 not conducive to portable use in a self-contained unit. The structures 
are difficult to transport, require frequent skilled maintenance, and 
often do not allow simple modification of the separation force or 
residence time to adjust to varying raw material conditions, or final 
material requirements. 

10 It is with the foregoing issues that the centrifuge of the present 

invention was developed. 

SUMMARY 

The present invention in general terms concerns a centrifuge 
having opposing laterally extending arms with concentric tubular 

15 baffles therein defining a serpentine flow path. The centrifuge is 

rotatably mounted in a frame to allow easy transportation, and has an 
external drive interface for simple, reliable, and adjustable actuation of 
the centrifuge. The centrifuge is designed to allow for simple 
disassembly, maintenance, and repair as needed, and to allow for 

20 modifying the flow path to adjust (increase or decrease)-the residence 
time of the material as desired. 

One embodiment of the inventive centrifuge for decanting lighter 
material from heavier material from a mixture of initial material includes 
a housing having a central body and a hollow arm extending from the 
25 body, the arm having a first end attached to the central body, and a 
second end extending away from the central body, and an end cap 
attached to the second end of the arm to form a chamber in the arm. A 
baffle is attached to the body and extends into the chamber, the baffle 
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having a longer inner tube having an interior and a distal end, and a 
shorter outer tube. The longer tube is positioned inside the shorter 
tube and defines an inner space therebetween. An outer space is 
defined between the shorter tube and the hollow arm. An entrance 
5 path for the mixture of initial material is formed in the housing and 
communicates with the inner space. An exit path for the light material 
is formed in the housing and communicates with the outer space. An 
exit path for the heavier material is formed in the housing and includes 
the interior of the longer tube. During operation the heavy material 
10 migrates outwardly and the lighter material migrates inwardly. A plug 
of the heavy material is formed in the chamber adjacent the end cap to 
engage the distal end of the longer tube and define a flow path to 
guide the lighter material to the light material exit path. 

The baffle can have a plurality of longer and shorter 
15 concentrically-spaced tubes to define a serpentine flow path 

therebetween. The baffle can also be replaced to modify the flow-path 
through the centrifuge as desired. The exit path for the heavier 
material can include flighted conveyor screws to assist in moving the 
heavier material along the exit path to the heavy material outlet port. 
20 The conveyor screws can be actuated by the rotation of the centrifuge, 
and thus do not independently require an external drive means. 

In another embodiment, a rotating centrifuge for decanting lighter 
material from heavier material from a mixture of initial material includes 
a housing having a central body, a baffle engaging the body, the baffle 
25 having a longer inner tube having an interior and a distal end, and a 
shorter outer tube, the longer tube positioned inside the shorter tube 
and defining an inner space therebetween. A hollow arm extends from 
the central body, the arm having a first end engaging the baffle, and a 
second end extending away from the central body. An end cap 
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engages the second end of the arm to form a chamber in the arm, the 
end cap attached to the central body by a through-bolt extending from 
the end cap to the central body, and clamping the baffle and the hollow 
arm between the end cap and the central body. An outer space is 
5 defined between the shorter tube and the hollow arm, and an entrance 
path for the mixture of initial material is formed in the housing and 
communicates with the inner space. An exit path for the light material 
is formed in the housing and communicates with the outer space, and 
an exit path for the heavier material is formed in the housing and 
10 includes the interior of the longer tube. 

Accordingly, it is an object of the present invention to provide a 
centrifuge that allows the flow path and separation force to be easily 
modified. 

Other aspects, features and details of the present invention can 
15 be more completely understood by reference to the following detailed 
description of a preferred embodiment, in conjunction with the 
drawings, and from the appended claims. 

BRIEF DESCRIPTION OF THE FIGURES 

Fig. 1 is an elevation view of the centrifuge of the present 
20 invention. 

Fig. 2 is a section taken along line 2-2 of Fig. 1. 

Fig. 3 is a section taken along line 3-3 of Fig. 2. 

Fig. 4 is an enlarged partial section of the left arm of the 
centrifuge as shown in Fig. 3. 



25 Fig. 5 is an enlarged section of the intersection of the conveyor 

rod and gear box of the centrifuge as shown in Fig. 4. 



5 

Fig. 6 is an enlarged section of the central portion of the 
centrifuge as shown in Fig. 2. 

Fig. 7 is an exploded view of the centrifuge. 

Fig. 8 is a section similar to Fig. 4, showing the various flow 
5 paths through the centrifuge arm. 

Fig. 9 is a section taken along line 9-9 of Fig. 4. 

Fig. 10 is a representative section of the manifold. 

Fig. 1 1 is a representative section of the main center shaft. 

Fig. 12 is an exploded view and partial section of one conveyor 

10 screw. 

Fig. 13 is a representative section of a baffle and associated 

seals. 

Fig, 14 is a partial section of a second embodiment of the 
present invention. 

1 5 Fig. 1 5 is an enlarged section of the central portion of the 

second embodiment. 

Fig. 16 is an enlarged section of the bell cap and end of the 
conveyor arm of the second embodiment. 

Fig. 17 is an exploded view of one arm of the second 
20 embodiment. 

Fig. 18 is an enlarged partial section of an arm of the second 
embodiment representing the various flow patterns through the arm. 
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DETAILED DESCRIPTION 

A concentric tubular centrifuge 20, as shown and depicted in 
Figs. 1-18, is designed to continuously separate large volumes of 
sludge, such as waste water and oil well drilling fluids. The 
5 centrifuge 20 is constructed of at least two laterally opposed, axially 
aligned arms 22 which extend perpendicularly outwardly from a vertical 
center main shaft 24. The main shaft and arms form a housing, which 
is supported by a frame 26. The centrifuge is driven by an external 
motor to rotate about a longitudinal or vertical axis 27 of the center 
10 main shaft which develops the centrifugal forces necessary for 

operation. The centrifuge preferably operates in the range of 600- 
2000 rpm, depending on its overall size. 

Each arm 22 is identically constructed, and comprises a plurality 
of concentrically spaced tubes 28 (Figs. 2, 3, 4, 8 and 13) with the 

15 tubes having alternating longer and shorter lengths. The alternating 
longer and shorter lengths make the distal ends 30 of each of the tubes 
alternatingly off-set. The center tube 32 is the smallest in diameter, 
and contains a conveyor screw 34 for removing the solids that build up 
at the distal end 36 of the arm during use. The conveyor screw moves 

20 the solids or heavier materials through the center tube 32 towards the 
center main shaft 24, where the solids are then moved down the center 
main shaft by another conveyor screw 38, for removal therefrom or 
deposit into a receptacle (not shown). 

Still generally, the sludge enters the arms 22 from above through 
25 the center main shaft 24 while the centrifuge is rotating. The sludge 
immediately moves toward the distal ends 36 of each of the arms. The 
solids or heavier materials are removed from the liquid medium as the 
centrifuge is operated, as will be explained below. 



7 



As the sludge is forced to the distal ends 30 by the rotation of 
the arm about the center main shaft 24, the solid or heavier material 40 
in the sludge compacts to form a plug 42 at the distal end (see Fig. 8), 
and the liquids 44 are forced to flow back toward the center main shaft. 
5 The defined flow path of the material is between the concentric tube 
walls, in a direction alternating first toward the distal end 30, then back 
toward the center main shaft 24, repeating this serpentine flow path 
pattern as required by the particular structure. As the sludge winds its 
way through the serpentine path, the solids 40 are removed from the 
10 sludge, and the liquid 44 is decanted and drained through an exit 
pathway 46 for liquids. 

More particularly, at the distal end 36 of each arm, the ends of 
the longer tubes extend beyond the ends of the shorter tubes. As 
solids 40 are deposited at the distal end of the arm, the plug 42 is 
15 formed and increases in thickness until the plug 42 seals the ends of 
the longer tubes. The plug thickness does not increase enough to seal 
off the ends of the shorter tubes, and thus thereby partially defines the 
boundary of the serpentine flow path. 

The thickness of the plug is regulated in part by the action of the 
20 conveyor screw 34, which removes the solid deposits. The conveyor 
screw shaft 48 preferably does not have flighting (threading) along its 
entire length, it only has flighting adjacent to either end. The flighting 
at the distal end 50 of the screw shaft is to help transfer the plug into 
the center tube. The centrifugal forces on the solids in the distal end 
25 of the arm combined with the hydrostatic head of the overlying liquids 
and solids assist in forcing the solids through the center tube 32 
towards the center main shaft 24. The distance the solids move 
through the center tube depends on the operating parameters of the 
centrifuge (moment arm, rpms), and on the type of sludge being input 
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to the system. The solids require the assistance of the flighting on the 
screw arm 34 to move further along an exit path 52 for soiids to leave 
the structure. 

The thickness of the plug is determined by the equilibrium 
5 established by the growth of the plug and the removal of the material 
forming the plug through the solids exit path 52. Basically, the amount 
of flighting 54 adjacent the end of the screw arm 34 near the center 
shaft helps determine the plug level. Assuming an input sludge having 
a relatively constant proportion of heavy and light materials, more 
10 flighting 54 along the screw arm length extending from the center shaft 
reduces the plug level. Less flighting 54 along the screw arm length 
extending from the center shaft increases the plug level. This 
relationship is due to the effect the flighting has on the removal of the 
heavier material. 

15 The plug level must be kept at least at a minimum thickness to 

insure that it contacts the ends 30 of the longer tubes on the baffle 56 
to help define the flow path (as described further below). This level 
should be relatively conservatively designed to accommodate for a 
temporary reduction in heavier material in the input sludge (which 

20 would cause the plug to grow more slowly). If the heavier and lighter 
material composition of the input sludge is to be changed for more than 
a temporary period, such as if a different type of sludge is to be 
treated, the length of flighting on the screw arm 34 may require 
modification also to accommodate the change in input sludge. 

25 The invention is described herein using soiids and liquids for 

simplicity of example. However, the invention can be used with heavy 
and light liquids, such as oil and water. The input material can be 
filtered prior to being introduced to the centrifuge if desired. 
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The input of the sludge material can be by gravity feed or by 
pumping. The centrifuge of the present invention is relatively 
insensitive to in-flow rate, solid content of the sludge, and weight of the 
sludge. 

5 In greater detail, the concentric tubular centrifuge 20 of the 

present invention is shown in Fig. 1. A frame 60 supports the 
centrifuge of the present invention for rotational movement of the 
centrifuge about a vertical axis 27. The centrifuge comprises a 
housing 62 journaled in the frame with a drive means 64, such as a 

10 beveled ring gear drive, attached to the top of the housing for 

engagement with a drive motor of any known type. The bottom end of 
the housing is also journaled in the frame for rotational movement, with 
the bottom end of the housing being surrounded by a decanted fluid 
catch basin 66 defining a fluid outlet, as further described below. A 

15 drive motor (not shown) is positioned in engagement with the drive 

means 64, in this case the beveled ring gear drive, to engage the drive 
means to rotate the housing 62 about the vertical axis. In the 
configuration shown in Fig. 1, the housing rotates about the vertical 
axis 61 with the arms 22 moving into and out from the plane of the 

20 figure. 

Referring now to Fig. 2, the centrifuge housing 62 comprises the 
center main shaft 24 (Figs. 2, 7 and 11) having an axially oriented 
cylindrical cavity 60 formed therethrough along with a large centrally 
positioned cylindrical chamber 70. Also included in the housing are 
25 laterally extending arm housings 72 (Figs. 2, 3, 4, 7 and 8), which have 
a cylindrical shape with a first open end 74 attached by an annular 
flange 76 to the center main shaft 24, and a distal or second open 
end 78. The second open end defines an outwardly extending annular 
flange 80. Each arm housing 72 defines a cylindrical cavity 82. A 
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frustoconically-shaped end cone 84 is removably attached to the 
flange 80 at the distal end of each of the arm housings to form an 
internal chamber in conjunction with the arm housing. An externally 
threaded aperture 86 is formed at the apex 88, or frustrum, of the end 
5 cone 84, and receives a correspondingly internally threaded cap 
end 90 for releasable attachment thereto. 

Still referring to Fig. 2, and in addition to Fig. 11, the center main 
shaft 24 is preferably a unitary metal body having a central laterally 
extending cylindrical body portion 94 with opposing top and bottom 
10 cylindrical extensions 96. The axially oriented cylindrical bore 68 is 
formed through the top and bottom cylindrical portions of the center 
main shaft and communicates with the centrally located chamber 70. 

The drive means 64, in this case a beveled ring gear drive, 
mounts around the upper end of the top cylindrical portion of the center 

15 main shaft 24. An upper portion of the frame 60 rotationally engages 
the top cylindrical portion of the center main shaft by way of a bearing 
means 100, such as tapered roller bearings, to facilitate the rotation of 
the housing 62 within the frame 60. A similar bearing construction is 
utilized to rotationally attach a lower portion of the frame to the bottom 

20 cylindrical portion of the center main shaft. The centrally positioned 
chamber 70 (Fig. 11) of the center main shaft 24 receives the fluid and 
solid transfer manifold 102, which is described in greater detail below. 

As shown in Fig. 11, a channel 106 is formed through the bottom 
cylindrical portion of the center main shaft 24, which communicates 
25 with the centrally positioned chamber 70, and forms a radially 
extending aperture 108 adjacent the bottom end of the bottom 
cylindrical portion. A second identical channel 110 is formed in the 
bottom cylindrical extension opposite the first channel. These two 
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channels form part of the decanted liquid exit path 46, as will be 
described below. 

Referring to Figs. 2 and 8, a catch basin 66, which acts as a 
decanted fluid reservoir and drain channel, attaches to the frame 60 
5 and forms an annular fluid collector about the bottom-cylindrical 
extension 96. The catch basin seaiingly engages the bottom 
cylindrical extension adjacent to and below the apertures forming the 
channel. A fluid outlet port 1 14 is formed in the floor of the catch basin 
to allow drainage of the decanted fluid. The catch basin has a circular 

10 tub shape defining a rim 1 16, from which extends an annular 

flange 118. The catch basin is attached to the frame by any known 
means, such as bolts 120 attached through the flange to the frame. A 
catch basin lid 120 is attached in fixed engagement with the bottom 
cylindrical portion of the center main shaft and defines a perimeter 

15 which seaiingly engages the side walls 122 of the catch basin. As the 
centrifuge rotates within the frame about its vertical axis, the catch 
basin remains stationary while the bottom cylindrical portion of the 
center main shaft rotates, and while the catch basin lid 120 also 
rotates in sealing engagement with the walls 122 of the catch basin. 

20 A main conveyor screw bracket 124 is fixed to the bottom of the 

catch basin and extends to a central position aligned with the axial 
bore formed through the center main shaft 24, and receives an end of 
the main conveyor screw 38, which is described below. 

Referring to Figs. 2 and 10, the fluid transfer manifold 102 is 
25 shown. The fluid transfer manifold has a cylindrical main body which is 
sized to fit in the central cylindrically shaped chamber 70 of the center 
main shaft 24 (Fig. 11). The fluid transfer manifold 102 defines a first 
axial bore 130 formed through a top portion of the manifold and 
terminates therein. Opposing and laterally extending side bores 132 
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are formed in communication with the first axiai central bore 130, the 
side bores extending through opposing side wails to act in fluid 
communication with the arm housing, as is described in further detail 
below. The first axial bore 130 and associated side bores 132 form a 
5 portion of the incoming flow path. 

A second axially aligned central bore 134 extends from the 
bottom surface of the manifold 102 through the central portion of the 
manifold and terminates prior to joining with the first centra! bore 130 
described above. The top end of the second axial bore 134 

10 communicates with opposing laterally extending bores 136 for 

receiving a motion transfer means 138. The motion transfer means can 
be a gear and bearing box used to drive the conveyor screw arms 34 
off of the main conveyor screw arm 38, as is described in greater detail 
below. A pair of angled bores 140 are formed each through a side wail 

15 of the manifold and extend at an angle downwardly to communicate 
with the second axial bore 134. The angled bores 140 form a portion 
of the solids or heavier material exit flow path 52, as described below. 
A pair of drain channels 142 have an L-shape, with each channel 
extending from the side wall to the bottom wall of the manifold 102, and 

20 form a portion of the decanted fluid exit path 106 for use in draining the 
decanted liquid from the arm housings 72, as is described in greater 
detail below. Other entrance, drain and exit channel configurations 
can be utilized depending on the structure of the device. 

Referring to Figs. 2, 3, 4, 8 and 13, a baffle 56, one of which 
25 extends laterally from each side of the manifold 102, is partially 

inserted into the centrally positioned chamber 70 in the center main 
shaft 24. Each baffle includes a base 146 having a first side 
surface 148 and a second side surface 150, and a plurality of 
concentric cylindrical tubes 28 attached to the second side surface 150 
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and extending perpendicularly therefrom. The cylindrical tubes have 
varying lengths and are positioned to alternate between long and short 
tubes in their concentric configuration. Preferably, the shortest tubes 
are all of equal length, with tubes of ever-increasing length being 
5 alternately positioned between the shortest tubes with the length of the 
tubes increasing from the largest diameter tube to the smallest 
diameter tube. With specific reference to the embodiment shown in 
Fig. 13, six tubes are used to form the preferred embodiment. It is 
contemplated that a different number of tubes can be utilized 

10 depending on the desired structural and performance characteristics. 
Three of the tubes, the shorter tubes, are all of equal length, while the 
other tubes increase in length as their diameter decreases. The 
concentric tubes are spaced apart a predetermined distance to allow 
sufficient fluid flow through the flow path defined by the tubes, 

15 described in greater detail below. Preferably, the spacing is 

approximately 0.5 inches, and the lengths between the tubes can be 
any of a variety of offset dimensions as desired. 

A first channel 152 is formed through the base member 146 from 
the second side 150 to the first side 148, and communicates with the 

20 gap 154 formed between the innermost tube 156 and the adjacent 
second innermost tube 158. This channel 152 forms a part of the 
incoming flow path 160. A forked channel 162 is formed through the 
base 146 and communicates with the longitudinal channel 164 defined 
by the innermost tube 156, with one fork 166 oriented at an angle 

25 downwardly, and the other fork 168 extending in an axial orientation 
through the base member. A third channel 170 is formed through the 
base member to open in the space between the outermost tube 172 
and the arm housing 72. 
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The concentric tubes 28 are attached to the base member 146. 
Referring to Fig. 9, the shortest tubes 176 alternating between the 
longer tubes 178 are sealed about the entire circumference of the end 
attached to the base member 146 in a fluid-tight manner. The 
5 alternately positioned longer tubes 178 are attached to the base 

member in discrete positions along the circumference of the end 182 
adjacent to the base member, such as at every 90 degree increment as 
shown in Fig. 9. The gap 184 formed between the majority of the 
circumference of the end of the tube attached to the base member 
10 allows fluid to flow from the inside of the tube to the outside of the 
tube, as is necessary for the serpentine flow path, which is explained 
in greater detail below. 

The base member 146 has a circular shape defining a 
circumference which is concentrically spaced from the outermost 

15 tube 172 of the baffle 56. The base member is positioned in the 
central chamber 70 of the center main shaft 24 such that the first 
side 148 of the base member is adjacent to and engages the 
corresponding side of the fluid transfer manifold 102, as shown in 
Fig. 2. The baffle member is held in this position by a clamping force 

20 provided by the attachment of the arm housing 72 to the center main 
shaft 24. 

As shown in Figs. 2 and 4, the channel 152 formed through the 
base member communicating with the space between the 
innermost 156 and second innermost tube 158 is aligned with the 
25 radially extending channel 132 formed in the manifold, which in turn 
communicates with the first axial bore 132 formed in the manifold, and 
continues in communication with the axial bore 68 in the upper 
cylindrical extension 96 of the center main shaft 24. This series of 
channels form the incoming flow path 160. The interfaces between the 
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base member 146, manifold 102 and the center main shaft 24 are 
sealed, such as by O-ring seals, to isolate the incoming flow channel 
and avoid leakage along the interfaces. 

The angled bore 166 in the base member 146 is aligned and 
5 fluidly communicates with the angled bore 140 of the manifold 102, and 
continues in fluid communication with the second central bore 134 
formed in the manifold, which is in turn aligned with the axial bore 186 
through the lower cylindrical extension 96 of the center main shaft 24. 
The channel 168 located in an axial position with respect to the 
10 innermost tube is aligned with the channel 136 which houses the 

transfer means in the manifold, which in turn is in alignment with the 
second centered bore 134 of the manifold and the axial bore 186 
through the lower cylindrical extension 96. This series of channels 
forms the heavier material exit path 52. 

15 The channel 170 formed through the bottom of the base 

member 146 outside the outermost tube 172 is aligned with the L- 
shaped channel 142 formed in the manifold, which is in turn aligned 
-with the channel 106 formed in the lower cylindrical extension 96 of the 
center main shaft 24. This series of channels forms the decanted 

20 liquid drain channel 46 emptying into the basin 66. The channels and 
bores aligned between and communicating through the base member, 
manifold and main shaft, are separated by seals, such as O-rings, at 
the interface between the members to isolate the flow and avoid 
leakage along the interface. 

25 The manifold 102, baffles 56 and arm housings 72 are mounted 

on the main shaft 24. The arm housing is shown in Figs. 2, 3, 4 and 8. 
When assembled, the flange 76 at the first end meets with the annular 
shoulder formed around the central chamber 70 of the center main 
shaft 24, in addition to a circumferencial portion 190 of the base 
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member of the baffie. Elongated bolts 192 having opposing threaded 
ends are positioned through continuous bores formed in the flange 76 
at the first end 74 of the arm housing 72 T through the center main 
shaft 24 } and through the opposing and identical flange 76 of the 
5 second arm housing. Nuts 194 are threaded and engaged to the 

opposite ends of the elongated bolt 192 to firmly and releasably clamp 
the arm housing to the center main shaft 24, which clamps the 
manifold 102 between the opposing base members 146 positioned on 
either side of the manifold in the central chamber 70 of the center main 

10 shaft. The engagement of the flange 76 at the first end 146 of the arm 
housing 72 and the circumferencial band 190 of the base member 146 
of the baffle member 56 is hermetically sealed by an O-ring 196. A 
plurality of bolts are positioned through the flange 76 at the first end of 
the arm housing 72 and through the center main shaft 24 to affix the 

15 arm housing to the center main shaft and clamp the base members 146 
of the baffles and manifold in the proper position. The baffles 56, 
manifolds 102 and arm housings 72 are able to be removed from the 
main shaft 24 simply by removing the bolts 192 in the flanges 76 of the 
arm housings 72. 

20 The longer of the concentric tubes 178 in the baffle member 56 

extend past the second end 78 of the arm housing. The end cone 84, 
which has a laterally extending flange 198 formed about the 
circumference of the larger diameter end of the end cone, sealingly 
engages and is attached to the flange 80 formed at the second end 78 

25 of the arm housing 72 by a plurality of fasteners 200, such as nuts and 
bolts positioned in an equally spaced arrangement around the flange. 
The end cone 84 acts to cover the ends of the longer tubes 178 and 
defines the end of chamber 82 in the centrifuge arm. The smaller 
diameter end 202 of the end cone defines external threads for 

30 receiving an internally threaded end cap 90. 
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The input, decanting, and output flow paths 160, 46, 52 
respectively are hereafter defined to facilitate the description of the 
conveyor screws 34, 38. The material to be decanted, for instance 
sludge, is introduced into the centrifuge through the inlet channel 160 
5 (incoming flow path) formed by the combination of the axial bore 68 
through the top cylindrical portion 96 of the center main shaft 24, in 
communication with the top axial bore 130 in the manifold 102, in 
continued fluid communication with the laterally extending bores 132 
through the side walls of the manifold and through the base 

10 members 146 of each baffle. The inlet channel 160 directs the 
incoming sludge to the gap 154 formed between the innermost 
tube 156 and the second innermost tube 158. The introduction of the 
sludge occurs while the centrifuge is rotating about its vertical axis 27, 
which places the sludge under the effects of centrifugal force, which 

15 then forces the sludge through the input channel 160 and into the 
gap 154 between the first and second tubes. 

In steady state operation (i.e., where the centrifuge of the 
present invention is running at operating speed after any start-up 
period and the material to be decanted has been introduced into the 

20 centrifuge), a plug 42 of heavy material 40 is formed at the distal 

end 36 of the cavity 82 in each arm, and extends between and seals 
the ends of the longer concentric tubes 178 to form a structural 
member used in defining the flow path 204 of the fluid through the 
centrifuge. As shown in Fig. 8, as the sludge flows through the 

25 gap 154 between the first and second tubes, and passes the end of the 
shorter second tube 158, the fluid impacts the plug 42 and is forced 
into the gap 206 between the second and third tubes to flow back 
towards the center main shaft 24. As the fluid flows to the base of the 
third tube 208, it flows through the gap 184 between the third tube and 

30 the base member 146 of the baffle 56 and around into the gap between 
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the third and fourth tubes, at which time the liquid then flows out 
towards the distal end of the baffle. 

The fluid then flows past the shorter fourth tube and is diverted 
by the plug back between the fourth and fifth .tubes to flow towards the 
5 base member once again due to the seal formed between the longer 
third and fifth tubes. Once again, as the sludge flows back to the 
center main shaft, the fluid flows through the gap between the base 
member and the fifth tube, and enters the space between the fifth tube 
and the sixth tube. The fluid is then forced to the distal end of the 

10 baffle, and is directed back towards the center main shaft as a result of 
the seal formed by the plug between the longer fifth tube and the arm 
housing. The fluid flows in the space 210 formed between the shorter 
sixth tube 172 and the arm housing 72 back towards the center main 
shaft. The heavier material 40 migrates to the distal end 78 of the 

15 housing, at all stages of the flow path, and deposits there to form the 
plug 42. 

Since each of the concentric tubes 28 of the baffle member 56 
are cylindrical in shape, the volume between the tubes is also 
cylindrical in shape (see Figs. 8 and 9). The fluid and sludge can flow 

20 anywhere in the particular gap between adjacent tubes. The decanted 
fluid 44 flows into the fluid outlet channel 46 from anywhere in the 
volume between the sixth tube and the arm housing. The outlet 
channel 46 is formed by the channel 170 through the base member 146 
of each baffle, through the L-shaped channel 142 in the manifold, and 

25 continuing through the fluid drain channel 106 formed in the lower 
cylindrical extension 96 of the center main shaft 24. The decanted 
fluid flows through the outlet channel 46 and into the catch basin 66. 
The decanted fluid then flows through the outlet 212 formed in the 
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base of the catch basin 66 into another reservoir or the conduit for 
further processing (not shown). 

The solids portion 40 of the sludge is removed through the 
output flow path 52 with the assistance of the conveyor screw system. 
5 As the sludge flows through the passage ways in the baffle, the solids 
(heavier material) are continuously forced to the distal end of the arm 
to become part of the plug 42 formed of the solid material. The plug 
forms along the wall of the end cone 84, and after it builds up to a 
particular thickness seals the ends 30 of the longer concentric 

10 tubes 173 to act as a structural member and barrier, and in part define 
the flow path of the material through the centrifuge. The compacted 
solids, or heavy materials, forming the plug are forced by the 
combination of centrifugal force and the hydrostatic head of the 
overlying liquids and solids to the apex 88 of the end cone 84 and into 

1 5 the center tube 1 56, and part of the way back towards the center main 
shaft 24, just as an incompressible liquid will seek the same elevation 
on both sides of a U-shaped tube when each side is exposed to equal 
pressure. The solids then flow to the center main shaft 24 through the 
center tube 156 to the outlet channel 52 for the solids. 

20 The outlet channel 52 for the solids is formed by the angle 

bore 166 in the base member 146 of the baffle 56, in communication 
with the angle bore 140 formed through the manifold 102, which 
communicates with the second axial bore 134 formed in the lower end 
of the manifold, which in turn communicates with the axial bore 186 

25 formed through the lower cylindrical extension 96 of the center main 
shaft 24. The exit channel 52 for the solids exits the center main shaft 
in a downwardly direction to facilitate easy handling of the solids. 

To assist in moving the solids along the outlet channel, a 
conveyor screw system is utilized. Referring to Figs. 2 and 4, the 
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conveyor system includes an arm conveyor screw 34 in each centrifuge 
arm, and a main conveyor screw 38 in the main shaft 24. The arm 
conveyor screw is positioned through the innermost tube 156 with 
flighting positioned at the distal end 50 and at the end 54 proximate the 
5 base member of the baffle. There is preferably no flighting along the 
majority of the length of each arm conveyor screw 34. The flighting 
need not be tightly toleranced to the dimension of the inner tube 156. 
The arm conveyor screw 34 is actuated by the movement of the 
centrifuge rotating about the vertical axis 27, as described further 

10 below, to move the sludge towards the center main shaft 24. The 
solids are forced through the angle portion of the exit path 52 by the 
positive pressure on the solids from the flighting of the arm conveyor 
screw 34, and the vacuum pressure created by the movement of the 
solids along the main shaft conveyor screw 38. The plug 42 is 

15 maintained by an equilibrium process as described above. 

The length of the conveyor screw 34 where there is no flighting 
may define radially extending pegs to break-up the solid material as it 
flows along the exit path 52. The pegs can extend in any pattern along 
the length of the screw 34 where there is no flighting. 

20 The vertically oriented main conveyor screw 38 is positioned in 

the axial bore 142, 186 formed through the center main shaft 24 in 
conjunction with the manifold 102. The main conveyor screw 38 is 
actuated by the movement of the rotation of the centrifuge about its 
vertical axis 27, and the rotation of the flighting 214 with respect to the 

25 main shaft 24 draws the sludge material downwardly to the exit 
port 216. 

The main conveyor arm 38 is activated with respect to the 
centrifuge by the rotation of the centrifuge. A conveyor screw 
bracket 124 extends from the base of the catch basin 66 and is 
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attached to the end of the main conveyor screw 38. The main 
conveyor screw 38 has flighting 214 along its entire length. The main 
conveyor screw 38 is fixed in position to the frame 26 and does not 
rotate with respect to the frame. The main conveyor screw 38 is made 
5 to move relative to the centrifuge 20 due to the rotation of the 

centrifuge about its vertical axis 27, The conveyor screw bracket 124 
holds the end of the main conveyor screw 38 such that when the 
centrifuge 20 rotates about its vertical axis, the flighting 214 on the 
main conveyor screw causes the solids 40 in the exit channel 52 to be 
10 forced downwardly towards the exit portal 216. Alternatively, an 
additional drive system can be connected to the main conveyor 
screw 38 to drive the main conveyor screw and arm screws 34 
independently of the movement of the centrifuge 20. 

The arm conveyor screws 34 are driven from the main conveyor 

15 screw 38 by the transfer means 138, such as the gear box, as shown in 
Figs. 2, 3, 4, 5 t and 6. The gear box includes a master beveled 
gear 220 and two slave beveled gears 222, one slave gear 222 being 
associated with each arm conveyor screw 34. Preferably, the top of 
the main conveyor screw 38 defines the master beveled gear. The 

20 rotation of the master beveled gear 218 about the vertical axis 27 
translates into rotation about the horizontal axis of each of the slave 
beveled gears 222. The slave beveled gears 222 are each attached to 
a shank 224 supported by a journal bearing 226 in the gear box to 
extend laterally outwardly. The outer end of each of the shanks 

25 defines a recess 228 for reieasably receiving the inner ends of the arm 
conveyor screws 34 in a torque transferring manner, such as by 
interlocking spline teeth. The master gear 220 is attached to a 
shank 230 supported by journal bearings 232 in the gear box, and 
which extends vertically downwardly. The outer end of the master 

30 shank 230 forms a recess 234 for reieasably receiving the top end of 
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the main conveyor screw 39 in a torque-transferring relationship, such 
as by interlocking spline teeth. 

The rotation of the centrifuge about its vertical axis results in the 
relative rotation of the master beveled gear 220 about its vertical axis, 
5 which in turn results in the rotation of the slave beveled gears 222 
about their horizontal axis, which through the shank 224 and 
attachment with the arm conveyor screws 34 results in the rotation of 
the arm conveyor screws about their horizontal (and longitudinal) axis. 
The faster the centrifuge 20 is driven about its vertical axis, the faster 
10 the conveyor screws 34 are caused to rotate and move the sludge 
through the exit channel. 

The outer ends of each of the conveyor arm screws 34 are 
supported by a bearing 236. The bearing 236 comprises a thrust 
plate 238 positioned in the outer end of the end cone 84 against the 

15 cap 90, the thrust plate 238 having a semi-spherical indentation 239. 
The outer end of the arm conveyor screw 34 forms a semi-spherical 
cup 240, and a ceramic ball 242 is positioned to be received in the 
semi-sphericai indentation 239 in the thrust plate as well as the semi- 
spherical indentation 241 in the cup 240 formed at the outer end of the 

20 arm conveyor screw 34. As the conveyor arm 34 rotates, the 

bearing 236 supports the end of each arm 34 and allows it to rotate 
while minimizing wear. A conveyor screw 34 is shown in exploded view 
in Fig. 12. 

The frame 26 supports the centrifuge 20 of the present invention 
25 to allow the rotation of the centrifuge about its vertical axis. The frame 
also facilitates handling the centrifuge to move it from place to place, 
as well as providing a basic safety function in keeping items away from 
the rotating housing. 
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The centrifuge as described above can be easily disassembled 
and maintained due to its straightforward assembly. This allows for 
ease of cleaning, routine maintenance and repair. 

The centrifuge 20 structure of the present invention is also easily 
5 assembled and disassembled for replacing worn parts as well as 
modifying the length of the baffles 56 as desired. The arm conveyor 
screws 34 can be removed by simply removing the end cap 90 from the 
end cones 84, removing the thrust plate 238 and extracting the 
conveyor screw 234 from the center tube 32. The inner end of the arm 

10 conveyor screw 234 will disengage from the cavity 228 formed in the 
shank 224 of the gear box since the cavity (recess) in the shank is 
designed to transmit torsional forces only, and is not designed to 
restrain the arm conveyor screw 34 from axial or longitudinally outward 
movement. The main conveyor screw 38 can similarly be removed by 

15 disconnecting the conveyor screw bracket 124 and extracting the main 
conveyor screw 38 from the gear box in a similar manner. The 
baffles 56 can be removed or replaced by disconnecting the arm 
housing 72 from the center main shaft 24, which allows the baffles 56 
to simply be extracted from the centrally positioned cavity 70 of the 

20 center main shaft 24. The baffle 56 can then be changed to include 

more or fewer tubes 28 depending on the desired residence time of the 
sludge under the centrifugal forces, and the level of decanting desired. 
The length of the centrifugal arms 22 can be adjusted to generate 
higher or lower separating forces for a given revolution rate. 

25 Alternatively, the revolution rate can be increased. A new or different 
baffle 56 can be repositioned therein with the arm housing 72 being 
remounted to the center main shaft 24 for further use. 

The arm housing 72 should be made of a strong material, such 
as steel or other metal, to withstand the tension forces and internal 
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pressures generated during operation. In addition, the bearing 236 at 
the end of each conveyor arm 34 can take a compressive load along 
the length of the conveyor arm 34 and still normally support the end of 
the conveyor arm, and allow the conveyor arm to rotate. 

5 A second embodiment of the present invention is described 

hereafter and is referenced in Figs. 14-18. In the second embodiment, 
the inflow channel 250, outflow channel 252 and decanted liquid exit 
channel are all substantially the same structure as in the previous 
embodiment. In addition, the catch basin 256, frame 258, and primary 
10 conveyor rod 260 are also substantially the same as the previously 
described embodiment. 

Referring now to Fig. 14, the center main shaft 262 is journaled 
in the frame 258 for relatively free rotary movement and relatively fixed 
vertical and lateral positioning. A drive means 264, such as a beveled 

15 ring gear drive, is attached to the top 266 of the center main shaft 262 
for engagement with a complementary drive motor of any known 
suitable type. A drive motor (not shown) is positioned adjacent the 
drive means 264, in this case the beveled ring gear drive, to engage 
the drive means to rotate the vertical main shaft 262 about the vertical 

20 axis. The bottom end 268 of the center main shaft 262 is surrounded 
by a decanted fluid catch basin 256 defining a fluid outlet 270, as 
further described below. 

Still referring to Fig. 14, the center main shaft 262 is preferably a 
unitary metal body having a central laterally extending cylindrical body 
25 portion 272 with opposing top 266 and bottom 268 cylindrical 

extensions. The axially oriented cylindrical bore 272 is formed through 
the top 266 and bottom 268 cylindrical portions of the center main 
shaft 262 and communicates with the centrally located chamber 274. 
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The drive means 264, in this case a beveled ring gear drive, 
mounts around the upper end of the top 266 cylindrical portion of the 
center main shaft 262. An upper portion 276 of the frame rotationally 
engages the top 266 cylindrical portion of the center main shaft 262 by 
5 way of a bearing means 278, such as tapered roller bearings, to 

facilitate the support and rotation of the housing within the frame 258. 
The bottom cylindrical portion 268 of the center main shaft 262 is 
rotationally journaled in the frame by bearing means 280 similar to the 
bearing means which rotationally journal the top cylindrical portion. 

10 The centrally positioned chamber 274 of the center main shaft 262 

receives the transfer manifold 282, which is described in greater detail 
below. The liquid exit channel 254 is formed in part through the bottom 
cylindrical portion 268 of the center main shaft 262, which 
communicates with the centrally positioned chamber 274, and forms a 

15 radially extending aperture 284 adjacent the bottom end of the bottom 
cylindrical portion 268. A second identical channel 254 is formed in 
part in the bottom cylindrical extension 268 opposite the first channel. 
These two channels form part of the decanted liquid exit path 254 
defined further below. 

20 A catch basin 256, which acts as a decanted fluid reservoir and 

part of the drain channel 254, attaches to the frame 258 and forms an 
annular fluid collector about the bottom cylindrical extension 268, and 
sealingly engages the bottom cylindrical extension adjacent to but 
below the aperture 284. A fluid outlet port 270 is formed in the floor of 

25 the catch basin 256 to allow drainage of the decanted fluid. The catch 
basin 256 has a circular tub shape defining a rim 286, from which 
extends an annular flange 288. The catch basin 256 is attached to the 
frame 258 by any known means, such as bolts attached through the 
flange to the frame. A catch basin lid 290 is attached in fixed 

30 engagement with the bottom cylindrical portion 268 of the center main 
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shaft 262 and defines a perimeter which sealingiy engages the 
sidewalls of the catch basin 256. As the centrifuge 248 rotates within 
the frame 258, the catch basin 256 remains stationary while the bottom 
cylindrical portion 268 of the center main shaft 262 rotates, and with 
5 which the catch basin lid 290 also rotates in sealing engagement with 
the wails of the catch basin 256. 

A conveyor screw bracket 292 is fixed to the bottom of the catch 
basin 256 and extends to a central position aligned with the axial 
bore 292 formed through the center main shaft 262 for fixedly receiving 
10 an end of the main or primary screw. 

Referring to Figs. 14 and 15, the fluid transfer manifold is shown. 
The fluid transfer manifold 282 has a cylindrical main body which is 
sized to fit the cylindrically shaped chamber 274 of the center main 
shaft 262. The fluid transfer manifold 282 defines a first axial bore 294 

15 formed through a top portion 296 of the manifold 282 and terminates 
therein, in addition to defining opposing and laterally extending side 
bores 298 in communication with the axial bore 294. The side 
bores 298 extend through the opposing sidewalls to act in fluid 
communication with the baffle 300. The first axial bore 294 and the 

20 associated side bores 298 form a portion of the incoming flow 

path 250. A second axially aligned central bore 302 extends from the 
bottom surface of the manifold 282 through the central portion of the 
manifold and terminates prior to joining the first axial bore 294. The 
top end of the second axial bore 302 communicates with the opposing 

25 laterally extending bores 304 for receiving a motion transfer means, 
such as a gear and bearing box 306, used to drive the conveyor screw 
arm 308 off the main conveyor screw arm 260, as is described in 
greater detail below. A pair of angled bores 310 are formed each 
through a sidewall of the manifold 282 and extend in an angle 
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downwardly to communicate with the second axial bore 302. The 
angled bores 31 0 form a portion of the exit flow path 252. A pair of 
drain channels 312, each having an L-shape are also formed in the 
manifold 282, with each channel 312 extending from the sidewall to the 
5 bottom of the manifold 282 for use in draining the decanted liquid from 
the arm housings. 

Referring to Figs. 14, 15 and 18, the baffle 300 includes a 
base 314 having a first side surface 316 and a second side 318 
surface and a plurality of concentric cylindrical tubes 320 attached to 

10 the second side surface and extending perpendicularly therefrom. The 
base 314 of the baffle 300 is partially inserted into the centrally 
positioned chamber 274 in the center main shaft 262, and extends 
laterally from each side of the manifold 282. A first channel 322 is 
formed through the base member 314 from the second side to the first 

15 side, and communicates with the gap space 324 between the inner 326 
and outer 328 cylindrical tubes attached to the base 300. This 
channel 322 forms part of the incoming flow path 250. A forked 
channel 330 is formed through the base 300 and communicates with 
the longitudinal channel 332 defined by the inner tube 326, with one 

20 fork 334 oriented at an angle downwardly, and the other fork 336 

extending in an axial orientation through the base member 314. A third 
channel 338 is formed through the base member 300 and is external to 
the outermost tube 328. Both the inner 326 and outer 328 cylindrical 
tubes are sealed entirely about the circumference of the end attached 

25 to the base member 314. The baffle 300 is preferably made of a 
lightweight material that is corrosive-resistant and relatively strong, 
such as plastic. 

The base member 300 has a circular shape defining a 
circumference which is concentrically spaced from the outermost 
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tube 328 of the baffle 300. The base member 314 is positioned in the 
central chamber 274 of the main shaft 262 such that the first side 316 
of the base member 314 is adjacent to and engages the fluid transfer 
manifold 282, as is shown in Figs. 14 and 15. The baffle 300 is held in 
5 this position by a clamping force provided by the through-bolts 340 
used to connect the entire assembly, as described further below. As 
shown in Fig. 14, the first channel 322 formed through the base 
member 314 is aligned with the radially extending channel 298 formed 
in the manifold 282, which in turn communicates with the first axial 
10 bore 294 formed in the manifold 282, and continues in communication 
with the axial bore 272 in the upper cylindrical extension 266 of the 
center main shaft 272, and thus forms the inlet flow path 250. 

The angled bore 334 in the base member 314 is aligned and 
fluidly communicates with the angled bore 310 of the manifold 282, and 

15 continues in fluid communication with the second central bore 302 
formed in the manifold 282. which is in turn aligned with the axial 
bore 292 through the lower cylindrical extension 268 of the center main 
shaft 262. The channel 336 located in an axial position with the 
respect to the innermost tube 326 is aligned with the channel 302 

20 which houses the transfer means 306 in the manifold. This series of 
channels forms the outlet flow path 252. The third channel 338 formed 
through the base member 314 outside the outermost tube 328 is 
aligned with the L-shaped channel 312 formed in the manifold 282, 
which is in turn aligned with the decanted liquid drain channel 284 

25 formed in the lower cylindrical extension 268 of the center main 

shaft 262. This series of channels forms the decanted water flow exit 
path 254. The channels and bores aligned between and 
communicating through the base member 314 and the manifold 282 are 
separated by seals 342, such as by O-rings, at the interface between 

30 the base member 314 and the manifold 282. 
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As shown in Figs. 17 and 18, the arm housing 344 includes a 
main body 346 having a hollow cylindrical outer wall, and the bell 
cap 348. A first end of the hollow cylindrical outer wall engages a 
correspondingly formed groove 350 in the base 314 for sealing 
5 engagement therein, such as with an O-ring 352. 

The bell cap 348 has a substantially hemispherical outer 
surface 354 forming a flange 356 about the large circumference of the 
bell cap. The second end of the outer wall 346 is received in a 
groove 358 formed on the inner periphery of the extending annular 

10 flange 355 of the bell cap 348 and is sealingly engaged therewith, such 
as by an O-ring 360. The combination of the outer wall 346 and the 
bell cap 348 form the arm housing 344 which defines an interior 
cavity 362. The bell cap 348 is substantially hemispherical in shape, 
and could define concentric grooves formed on its outer surface to 

15 save weight. The interior surfaces 364 of the bell cap 348 form a 
frustoconical cone shape with linearly sloped sides and a truncated 
end for receiving and guiding the residual compacted solids to the 
end 366 of the screw arm 308, which is further described herein below. 
The interior surfaces of the bell cap, here and in the first embodiment, 

20 are shaped to exceed the angle of repose for the solid material, as 
measured from the vertical. This will allow the solid material to more 
easily move toward the center tube. This angle may need to be 
adjusted depending on the type of solids that form the plug. 

The opposite arm of the centrifuge is similarly formed as 
25 described above. The bell caps 348, 348', outer wails 346 7 346', 

baffles 300, 300', and manifold 382, are held in position by a plurality 
of through-bolts 340 which extend from the flange of one bell cap 348 
through the center main shaft 282 and through the flange of the 
opposing bell cap 348. The through-bolts 340 have externally 
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threaded opposing ends 368 for receiving fasteners, such as nuts 370, 
for maintaining the bell cap 348, 348', outer wail 346, 346', baffles 300, 
300' and fluid transfer manifold 282 in position on the center main 
shaft 262. The nuts 370 are threaded onto the opposite ends 368 of 
5 the through-bolts 340 to draw the bell caps 348 towards the center 
main shaft 262. 

As shown in Figs. 15 and17, there are approximately eight 
through-bolts 340 evenly spaced around the circumference of the 
annular flange on the bell cap 348. The through-bolts 340 do not 

10 interfere with the internal chambers and passageways defined in the 
center main shaft 262. Each through-bolt 340 defines a groove 372 for 
receiving a snap ring 374 adjacent to the outer sides of the center main 
shaft 262 to fixedly position the through-bolt 340 in the center main 
shaft 262. The fixed positioning of the through-bolts 340 by the snap 

15 rings 374 keep the through-bolts from moving laterally with respect to 
the center main shaft 262, and allows the nuts 370 to be removed at 
either end of the through-bolts 340 without affecting the alignment of 
the structure on the opposing side. 

As shown in Fig. 18, the input 250 and output 252 flow paths are 
20 substantially identical to those described above with respect to the first 
embodiment. The sludge is introduced through the inlet flow path to 
enter the cavity 362 of the centrifuge arm between the inner tube 326 
and the outer tube 328 of the baffle 300. The introduction of the 
sludge occurs while the centrifuge is rotating about its vertical axis, 
25 which places the sludge under the effects of centrifugal force. This in 
turn then forces the sludge through the input channel 250 and into the 
gap 324 between the first 326 and second 328 tubes. In steady state 
operation {i.e., where the centrifuge of the present invention is running 
at operating speed after any start up) a plug 376 of compacted solids 
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or heavy materials is formed at the distal end of the cavity 362 in each 
arm. 

As the sludge flows through the gap 324 between the inner 326 
and outer 328 tubes, and passes the end of the shorter outer tube, the 
5 fluid impacts the plug or the bell cap and is forced into the gap 378 

between the outer tube 328 and outer wall 346 to flow back towards the 
center main shaft 262. As the fluid flows towards the center main 
shaft 262, it drains down around the outer tube 328 to the outlet 
channel 338, while the majority of the solids are compacted against the 
10 inner surface 364 of the bell cap 348. The fluid flows back towards the 
center main shaft 262 between the outer tube 328 and the outer 
wall 346. 

Since the second tube 328 is cylindrical in shape, the decanted 
fluid will flow into the fluid outlet channel 338 from anywhere in the 
. 15 volume gap 378 between the outer tube 328 and the outer wall 346. 
The outlet channel can be formed identically as described above with 
respect to the first embodiment. 

As the sludge flows through the passageways in the baffle 300, 
the solids (heavier material) are continuously forced to the distal end 

20 of the arm and form the plug 376 on the interior wall 364 of the bell cap 
348. The solids, or heavy material, forming the plug are forced by the 
combination of centrifugal force and the hydrostatic head of the 
overlying liquids and solids to the apex of the bell cap 348, and into 
the center tube 326, and part of the way back towards the center main 

25 shaft 262. The solids then flow to the center main shaft 262 through 
the center tube 326 to the outlet channel 252 for the solids. 

The outlet channel 252 for the solids is formed by the angled 
bore 334 formed through the base member 314 of the baffle 300, in 



32 



communication with the angled bore 310 formed through the manifold 
282, which communicates with the second axial bore 302 formed in the 
lower end of the manifold 282, which in turn communicates with the 
axial bore 292 formed through the lower cylindrical extension 268 of 
5 the center main shaft 262. The exit channel 252 for the solids 
terminates at the bottom of the center main shaft 262. 

To assist in moving the solids along the exit path, a conveyor 
screw system is utilized. An arm conveyor screw 308 is positioned 
through the innermost tube 326 with flighting 380 positioned at the 

10 distal end 382 and at the end proximate 384 the base member of the 
baffle 300, with no flighting along the majority of the length of the arm 
conveyor screw 308. The flighting need not be tightly toleranced to the 
dimension of the inner tube 326. There is one arm conveyor screw 
extending through the arms of the centrifuge. The arm conveyor screw 

15 308 is actuated by the movement of the centrifuge rotating about the 
vertical axis, as described further below, to move the sludge towards 
the center main shaft 262. The solids are forced through the angle 
portion of the exit path 252 by the positive pressure on the solids from 
the flighting 380 of the arm conveyor screw 308, and the vacuum 

20 pressure created by the movement of the solids along the main shaft 
conveyor screw 260. The vertically oriented main conveyor screw 260 
is positioned in the axial bore formed through the center main shaft in 
conjunction with the manifold 262. The main conveyor screw 260 is 
also actuated by the movement of the rotation of the centrifuge about 

25 its vertical axis, and draws the sludge material downwardly to the exit 
port. 

A conveyor screw bracket extends from the base of the catch 
basin 256 and is attached to the end of the main conveyor screw 260. 
The main conveyor screw has flighting along its entire length. The 
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main conveyor screw is thus fixed in position to the frame and does not 
rotate itself. The conveyor screw is made to move relative to the 
centrifuge due to the rotation of the centrifuge. The conveyor screw 
bracket holds the end of the main conveyor screw such that when the 
5 centrifuge rotates about its vertical axis, the flighting on the main 
conveyor screw causes the solid material to move along the exit 
channel to be forced downwardly towards the exit portal. 

The arm conveyor screw 308 is driven from the main conveyor 
screw 260 by the transfer means, such as the gear box 306, as shown 

10 in Figs. 14 and 15. Preferably, the top of the main conveyor screw 260 
defines a beveled gear. The gear box 306 comprises a master beveled 
gear 388 (on the primary conveyor screw 260) and a slave beveled 
gear 390 mounted on the conveyor rod 392 extending continuously 
through both arms. The rotation about the vertical axis of the master 

15 beveled gear 388 translates into rotation about the horizontal axis of 
the slave beveled gear 390. The slave beveled gear 390 is attached to 
the conveyor rod 392. The rod 392 is supported by journal bearings 
394, which also act as thrust bearings, held in place by snap rings in 
the manifold 282. The master gear 388 is attached to a shank 396 

20 supported by journal bearings in the gear box 306. The journal 

bearings supporting the shank 396 are held in place by the annular 
collar at the end of the shank, and the snap rings. 

The conveyor rod 392 extends continuously from the distal end 
of one centrifuge arm through the base 314 of the baffle 300, through 
25 the fluid transfer manifold 282, through the base 314' of the opposing 
baffle 300', and to the end of the opposing centrifuge arm. The rod 
392 is sized and positioned to not engage the bell cap 348 at either of 
its ends. 
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The conveyor rod 392 is rotated by the interaction between the 
drive bevel gear 388 and the slave bevel gear 390 inside the gear box 
306. The conveyor rod 392 is supported by the journal bearings as 
described earlier to allow rotation about its longitudinal axis. The 
5 flighting 396 for moving the sludge through the inner tube 326 along 
the sludge exit flow path 252 is formed on an elongated flighting tube 
398 which mounts over the conveyor rod 392. The tube 398 is 
attached to the conveyor rod 392 in a fixed relationship such that the 
tube rotates with the conveyor rod 392. 

10 One manner of fixing the flighting tube 398 to the conveyor rod 

392 is by a splined interconnection. As shown in Fig. 15, the inner end 
400 of the flighting tube 398 defines female splines, and the outer 
surface of the conveyor rod 398 defines male splines such that when 
the female splines and the male splines are interconnected as the 

15 flighting tube is slid over the conveyor rod 392, a torque transmitting 
relationship is formed. Thus, when the rod 392 turns, the flighting tube 
398 turns, with the flighting mounted such that it propels the solids or 
heavy material along the exit path. A second flighting tube 398' is 
mounted along the opposite length of the conveyor rod 392 in the other 

20 arm of the centrifuge. 

The flighting 396 does not have to be closely sized to the inside 
of the first tube 326. However, a sleeve may be positioned on the 
inside of the first tube 326 to receive any wear from the flighting 396 if 
the flighting is tightly toleranced to the inside of the sleeve such that 
25 the inner tube 326 is not worn or degraded by the movement of the 
flighting tube 398 during operation. 



The flighting tube 398 comes in two lengths, the first length 402 
being positioned along the majority of the length of the conveyor rod 
392 from adjacent the gear box 306 outwardly towards each end of the 
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conveyor rod 392. As shown in Fig. 16, a small length 404 of flighting 
tube 398 is separately positioned on the conveyor rod 392 in a splined 
relationship with the conveyor rod 392 to provide a torque transferring 
relationship between the outer end flighting tube 404 and the conveyor 
5 rod 392. Preferably, the outer end of the conveyor rod 392 has female 
spline grooves 406 formed therein, and the outer end flighting tube 404 
has male splines 408 formed therein to form a spline engagement when 
the outer end flighting tube 404 is inserted over the outer end of the 
conveyor rod 392. The outer end flighting tube 404 assists in the initial 

10 movement of the heavy materials into the exit flow path 252, and is 
subject to a great amount of wear due to the compaction of the heavy 
materials at this location. The outer end flighting tube 404 is made to 
be easily removed and replaced such that the entire flighting tube 398 
does not need to be replaced when only the outer end flighting tube 

15 404 requires maintenance. 

The outer end flighting tube 404 and the primary flighting tube 
402 are held on the conveyor rod 392 by a fastener 410, such as a nut 
and washer combination. The outer end of the conveyor rod 392, on 
each end. is externally threaded. A countersunk cavity 412 is formed 

20 in the distal end of the outer flighting tube 404 to allow a washer and a 
nut to be threaded over the end of the conveyor rod 392. The washer 
and the nut engage a shoulder formed by the countersunk hole 412 of 
the outer end flighting tube 404 to urge the outer end flighting tube 404 
towards the main shaft 262, which in turn engages the end of the 

25 primary flighting tube 402 and urges the primary flighting tube 402 
towards the center main shaft 262 to hold the two flighting tubes in 
place. The outer flighting tube 404 is replaced simply by unscrewing 
the nut, removing the washer, removing the outer end flighting tube 
404 and replacing the outer end flighting tube and refastening it 

30 thereon. 
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It should be noted that since the conveyor rod 392 in the second 
embodiment is continuous and rotates in one direction, the flightings in 
the opposing centrifuge arms are opposite one another to draw the 
solid or heavier materials along the respective exit flow paths. 

5 The equilibrium between the travel of solids down the center 

tube 326 along the exit path and the size of the plug is similar inthis 
embodiment as described above with respect to the first embodiment. 

The second embodiment of the centrifuge of the present 
invention includes a simplified construction, and a shorter flow path 

10 and resulting residence time under the centrifugal force. An entire arm 
of the centrifuge can be accessed for maintenance or replacement by 
simply removing the nuts 370 on the outer end of the through-bolts 368 
which initially release the bell cap 348. The outer flighting tube 404 
can then be removed for replacement or to continue the disassembly of 

15 the centrifuge arm. After removing the outer flighting tube 404 by 
removal of the nut and washer from the end of the conveyor rod 392, 
the primary flighting tube 402 can be removed by sliding the primary 
flighting tube outwardly along the conveyor rod 392 to disengage the 
spline connection between the primary flighting tube 402 and the 

20 conveyor rod 392 near the gear box 306. 

At this point the outer wall 346 can also be removed (after the 
bell cap 348 is removed). The baffle 300 can then be removed after 
the primary flighting tube 402 has been removed. The baffle 300 can 
be replaced with a baffle having more tubes to increase the length of 
25 the flow path and the residence time, with the appropriate adjustments 
made to the attachment of the additional tubes to the base 314 of the 
baffle 300, and to the length of the tubes. After the baffle 300 has 
been removed, the conveyor rod 392 can be withdrawn from the center 
main shaft 262 by removing the other bell cap 348' (the through rods 
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368 can simply be pulled from the center main shaft 262 without 
removing the bell cap 348 from the through rods after the snap-rings 
374 have been removed), removing the baffle 300, and disengaging the 
primary conveyor shaft 260 from the drive beveled gear. 

5 There are several benefits gained in the use of the centrifuge of 

the present invention. The concentric tubular design of the baffle 
provides an extremely long residence time during which the sludge is 
under the separating forces. The longer the residence time, the more 
heavy waste materials are removed from the liquid. In addition, the 

10 solids are deliquefied by means of compaction. The centrifuge is 
easily disassembled for maintenance, part replacement, or 
performance modification. The centrifuge of the present invention can 
generate tremendous centrifugal force in a relatively small machine, is 
portable, and can be easily adjusted to handle the desired type of input 

15 material and flow rate. 

While the invention has been particularly shown and described 
with reference to preferred embodiments thereof, it will be understood 
by those skilled in the art that various other changes in the form and 
details may be made without departing from the spirit and scope of the 
20 invention. 

A presently preferred embodiment of the present invention and 
many of its improvements have been described with a degree of 
particularity. It should be understood that this description has been 
made by way of example, and that the invention is defined by the 
25 scope of the following claims. 
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I claim: 

1. A rotating centrifuge for decanting lighter material from 
heavier material from a mixture of initial material, the centrifuge 
comprising: 

a housing having a central body and a hollow arm 
5 extending from said body, said arm having a first end attached to said 
central body, and a second end extending away from said central body, 
and an end cap attached to said second end of said arm to form a 
chamber in said arm; 

a baffle attached to said body and extending into said 
10 chamber, said baffle having a longer inner tube having an interior and 
a distal end, and a shorter outer tube, said longer tube positioned 
inside said shorter tube and defining an inner space therebetween; 

an outer space defined between said shorter tube and said 

hollow arm; 

15 an entrance path for the mixture of initial material formed 

in said housing and communicating with said inner space; 

an exit path for said light material formed in said housing 
and communicating with said outer space; 

an exit path for said heavier material formed in said 
20 housing and including the interior of said longer tube; and 

wherein a plug is formed in said chamber adjacent said 
end cap to engage said distal end of said longer tube and thereby 
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define a flow path to guide said lighter materia! to said exit path for 
said lighter material. 

2. A rotating centrifuge for decanting lighter material from 
heavier material from a mixture of initial material, the centrifuge 
comprising: 

a housing having a central body; 

5 a baffle engaging said body, said baffle having a longer 

inner tube having an interior and a distal end, and a shorter outer tube, 
said longer tube positioned inside said shorter tube and defining an 
inner space therebetween; 

a hollow arm extending from said central body, said arm 
10 having a first end engaging said baffle, and a second end extending 
away from said central body; 

an end cap engaging said second end of said arm to form 
a chamber in said arm, said end cap attached to said central body by a 
through-bolt extending from said end cap to said central body, and 
15 clamping said baffle and said hollow arm between said end cap and 
said central body; 

an outer space defined between said shorter tube and said 

hollow arm; 

an entrance path for the mixture of initial material formed 
20 in said housing and communicating with said inner space; 

an exit path for said light material formed in said housing 
and communicating with said outer space; and 
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an exit path for said heavier material formed in said 
housing and including the interior of said longer tube. 
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ABSTRACT 

A centrifuge for decanting lighter material from heavier material 
from a mixture of initial material includes a housing having a central 
body and a hollow arm extending from the body, the arm having a first 
end attached to the central body, and a second end extending away 
from the central body, and an end cap attached to the second end of 
the arm to form a chamber in the arm. A baffle is attached to the body 
and extends into the chamber, the baffle having a longer inner tube 
having an interior and a distal end, and a shorter outer tube. The 
longer tube is positioned inside the shorter tube and defines an inner 
space therebetween. An outer space is defined between the shorter 
tube and the hollow arm. An entrance path for the mixture of initial 
material is formed in the housing and communicates with the inner 
space. An exit path for the light material is formed in the housing and 
communicates with the outer space. An exit path for the heavier 
material is formed in the housing and includes the interior of the longer 
tube. A plug is formed in the chamber adjacent the end cap to engage 
the distal end of the longer tube and define a flow path to guide the 
lighter material to the light material exit path. 
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COMBINED DECLARATION AND POWER OF ATTORNEY 

(ORIGINAL. DESIGN, NATIONAL STAGE CF POT, SUPPLEMENTAL DIVISIONAL, 

CONTINUATION OR C-i-P) 

As a beiow named inventor, i hereby declare that: 

TYPE OF DECLARATION 

This declaration is of the following type: 

(check one applicable Item below) 

^ original. 
G design. 
G succlementai. 

NOTB: If the aedaravon s for an international Application being Hed as a aivisicnai, continuation or 
continuation-in-part aocifcavon, do not checx next item; cneck aoprcpnate one of fast three items. 

□ national stage of POT. 

NOTE. If one of the following 3 items apoiy, then complete and also attach ACCBD PAGcS FOR DIVISIONAL 
CONTINUATION OR C-.'-P. 

G divisional. 

G continuation. 

G continuation-in-part (C-I-P). 

INVENTORSHIP IDENTIFICATION 

WARNING: -J the inventors are each not the inventors of ail the claims, an explanation of the facts, induding 
the ownersmo of ail the c'aims at the time the last claimed invention was made t snould be submitted. 

My residence, post office address and citizensnip are as stated below, next to my name. 
1 believe that I am the original, first and soie inventor (if only one name is listed below) or 
an original, first ana joint inventor (if piurai names are listed beiow) of the subject matter 
that is claimed, and for which a patent is sought on the invention entitled: 

TITLE OF INVENTION 



CONCENTRIC TUBULAR CENTRIFUGE 
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SPEC5F5CATSON IDENTIFICATION 

the specification of which: 

(complete (a), (t) or (c)) 

(a) □ is attached hereto, 

NOTE: "The following combinations of information suopiied in an oath or declaration filed on the application 
fifing cats with a specification are acceotaoie as minimums for laenttfymg a specification and compliance 
wrth any one of the items oeiow will be acceded as complying wrth :he identification requirement of 
37 CFR 1.53: 

"(1) name of mventorfsi, and reference to an artacned specmcation wntcn is both attacnea 
to tne oatn or declaration at the time of execution and suomizted with the oath or aeciaration 
on filing; 

"(2) name of inventcrfs;, and attorney aocket numoer which was on the specification as Wed; 

or 

"(3) name of mventorfs), and title which was on the specmcation as filed. " 
Notice of July 13, 1995 (1177 O.G. 60), 

(b) ^ was filed on October 14, 1997 as ^ Seria | Na o8 / 950 ,377 



or Ll 



and was amendea on (if aoplicabie). 

NOTE: Amendments fiied after the original papers are deposited with the PTO that contain new matter are 
not accoroea a filing care oy oemg referred to tn the declaration. Accordingly, the amencments invoivea 
are those filed with the application pacers or, in the case of a sucotementa! aeciaration. are those 
amendments claiming matter not encompassed in the onginai statement of invention or claims. See 
37 CFR 7.57. 

NOTS; The following combinations of information supplied in an oath or declaration filed after the filing aate 
are accepxaole as mmtmums for identifying a specification and compliance with any one of the items 
below will oe accepted as complying with the identification requirement of 37 CFR 1.53: 

"'1) name of mventorfs), and application number (consisting of the series coce and the serial 
number; e. g. , 03/ 1 23, 456); 

"(2) name of mventorfs), serial number and filing date; 

"(3) name of inventcr(s) and attorney docket number whicn was on the specnication as filed; 

"(4) name of mventorfs; t title which was on the specification as filed and filing date; 

"(5) name of inventorfs}, title which was on the specification as filed and reference to an 
attached specification whtcn is both attached to the oath or declaration at the time of execution 
and submitted with the oath or declaration; or 

"(6) name of mventorfs), title which was on the specification as fiied and accompanied by 
a cover tetter accurately identifying the application for wmch it was intended oy either the 
application numoer (consisting of the senes code and the senal numoer, e.g..G8/1 23,455), or 
senai numoer and filing aate. .Absent any statement(s) to the contrary, it will oe presumed that 
the application filed in the PTO is the application whicn the tnventcns) executed by signing 
the oath or declaration. " 

Notice of July 13, 1995 (1177 O.G. 60), 

(c) □ was described and claimed in PCT International Application No. 

. - , fiied on and as 

amended unaer PCT Articie 1 9 on (if any). 
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ACKNOWLEDGEMENT OF REVIEW OF PAPERS AND DUTY OF CANDOR 

! hereby state that 1 have reviewed and understand the contents of the above-identified 
specification, inducing the claims, as amended by any amencment referred to acove. 

I acknowledge the duty to disclose information, which is material to patentaciiity as 
defined in 37, Coce of Federal Regulations, § 1.56 t 



and which is material to the examination of this application, namely, information 
where there is a substantial likelihood that a reasonable Examiner would consider 
it important in deciding whether to ailow the application to issue as a patent, 
and 

□ in compliance with this duty, there is artached an information disclosure 
statement, in accordance with 37 CFR 1.98. 



I hereby claim foreign priority benefits under Title 35, United States Code, § 119(a)-{d) 
of any foreign application^) for patent cr inventor's certificate or cf any FCT intematicnai 
application^) designating at !east one countr/ other than the United States of America listed 
below and have also identified below any foreign appiication(s) fcr patent or Inventor's 
certificate or any PCT international aopiicaticn(s) designating at least one country other than 
the United States of Amenca filed by me on the same subject matter having a filing date 
before that of the application® of whicn priority is claimed. 



(e) □ such applications have been filed as follows. 

NOTE: Where item fc; is entered aoove and the intematicnai Application wmcrt designated the U.S. Itself claimed 
pnonty check item (e), enter the details 6e/ow and make the priority claim. 



(aiso check the following items, if desirec) 




PRIORITY CLAIM (35 U.S.C. § 119(aKO) 



(complete (d) or (ej) 




no sucn applications have been filed. 
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PRIOR FORE1GN/PCT APPLICATION(S) FILED WITHIN 1 2 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS APPLICATION 
AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. § 119(aHd) 



OfM IKITT5V tr\£l 
vwUWIMT ( W M 

INDICATE IF 
PCT) 


adci ir*ATinw Ul IMRCS 
ArrLJUAMUN NUlYiDCri 


HATE r> C C?1 IKE/"* 

(day, month, year) 


PRIORITY claimed 
UNDER 37 USC 119 
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CLAIM FOR BENEFIT OF PRIOR U.S. PROVISIONAL APPLICATION(S) 

(34 U.S.C. § 119(e)) 

I hereby claim the benefit under Title 35, United States Code, § 119(e) of any United 
States provisional application^) listed Deiow: 



PROVISIONAL APPLICATION NUMBER FILING DATE 

60 / 028,556 October 15, 1 9 



CLAIM FOR BENEFIT OF EARLIER US/PCT APPLICATION^] 
UNDER 35 U.S.C. 120 

□ The claim for the benefit of any such applications are set forth in the 
attached ADDED PAGES TO COMBINED DECLARATION AND POWER OF 
ATTORNEY FOR DIVISIONAL CONTINUATION OR CONTINUATION-iN 
PART (C-l-P) APPLICATION. 
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ALL FOREIGN APPLICATION^ IF ANY, FILED MORE THAN 12 MONTHS 
(6 MONTHS FOR DESIGN] PRIOR TO THIS U.S. APPLICATION 



NOTE: if the aocticsxicn ffled mere than 12 montfts frcm the filing care of this acciicavcn is a PCTffiing farming 
the oasss rcr :hts acoticanan entering the Unitec States as (1) the national stage, zr f2) a cenvnuaven. 
Gb/tstonai. or concnuaticn-tn-part. then a/so complete ACCEC PACES TO COMBINED DECLARATION 
AND POWER OF ATTORNS/ FOR DIVISIONAL CONTINUATION OR C-f-P AFP'JCAVCN for oerwrit 
of :he oner U.S. or PCT aopticauonts) uncer 25 U.5.C. § 120. 

POWER OF ATTORNEY 

H I hereby aoccint the following attorney(s; anc/or agentfsi to prosecute this aociicaticn 

■j and transact ail easiness in the Patent ana Traceman< Office connected therewith. 

^ (list name ana registration numcsr; 

ISichard A. Bachand, #25,107 Homer L. Xneari, =21,197 
Nbarol W. Bur zen , #35,465 William J. Kubida, #25,564 

•"William W. C^chrzr., #25,552 Scuarr T. Langiey, #32,940 
■'■tarl C. Hancock, #19,472 Lee R. Osman, "#38,260 

(cftecx the foilowtng item, if accticacie) 

L: C Attached, as pan of this declaration and power of attorney, is the authorization 

::;f of the acove-namec attorney^} to accept anc follow instructions from my 

^ representatives). 



James A. Pincc, #?40 , 774 
Andrew D. Sorsnsen, #33,506 
Jchn R. Wahi, #33,044 



SEND CORRESPONDENCE 70 

Lee R. Osman 

Holland & Hart LLP 

555 17t±L Street, Suite 3200 

P.O. Box 8749 

Denver, CO 80201-8749 



DIRECT TELE? HON £ CALLS TO: 
(Name ana teJecnone numoery 

Lee R. Osman 

Telephone: (303) 295-8589 
Facsimile: (302) 295-8261 



DECLARATION 

t hereby deciare that ail statements made herein of my own knowledge are true and that 
ail statements mace en information and belief are beiieved to be true; ana further that these 
statements were maae with the knowledge that wiiifui faise statements and the tike so made 
are punishable oy fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Coce, and that such wiiifui faise statements may jeoparaize the validity of the 
application or any patent issued therecn. 
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SIGNATURE(S) 

NCTc. Carefuily indicate the family (or last) name, as it should appear on the filing r^^ipi ana an other 
documents. 

Full name of sole or first inventor 

Paul J_. Cornay 

(GIVEN NAME} _^ (MIDOLE INHlALJiR NAME) FAMILY (OR LAST NAME; 

Inventor's 



NAME] t — ^ (MIDOLE INFTIALQR NAME) 

signature r^**S ^f. q^t^e^y 
y / (? f 1 0 Country of Citizens! 



Date — -^f / 6>f j 0 Country of Citizenship U.S.A. 

Residence Longmont , Colorado 

Post Office Address 1506 Frontier Street 

Longmont, Colorado 80501 



Fuil name of second joint inventor, if any 

(GIVEN NAME) (MIDDLE INITIAL OR NAME! FAMILY (OR LAST NAME) 

inventors signature 

Date Country of Citizenship 

Residence 

Post Office Address 



Full name of third joint inventor, if any 

(GIVEN NAME} (MIDDLE INITIAL OR NAME) FAMILY (OR LAST NAME) 

Inventor's signature 

Date Country of Citizenship 

Residence _ 

Post Office Address 
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(cneck proper box(es) for any of the following added page(s) 
that form a part of this declaration) 

□ Signature for fourth and subsequent joint inventors. Numoer of pages added 



□ Signature by administrator(trix), executcr(trix) or legal representative for de- 
ceased or incapacitated inventor. Number of pages added 



□ Signature for inventor wno refuses to sign or cannot be reached by person 
authorized under 37 CFR 1.47. Number of pages added 



□ Added pace for signature by one joint inventor on behaif of deceased inventors) 
where iegai representative cannot be appointed in time. (37 CFn 1.47) 



□ Added pages to combined declaration and power of attorney for civisionai, 
continuation, or continuation-in-part (C-I-?) application. 

C Number of paces acded 



□ Authorization of attomey{s) to accept and follow instructions from representative. 



(if no further pages form a part of this Declaration, 
then end this Declaration with this page and check the following item) 

This declaration ends with this page. 
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